Results
After nutritional counseling, total cholesterol and triglycerides decreased by 16% and 36% in males, and by 12% and 26% in females, respectively, and Low Density Lipoprotein-cholesterol decreased by 12% in females. Only triglycerides decrease significantly. In the mixed hyperlipidemia group, the male and female triglyceride (-44% and -29%), Low Density Lipoprotein-cholesterol (+12% and -15%) and High Density Lipoprotein-cholesterol (+7% and -3%) levels differed significantly. Between the age groups, only triglyceride levels differed significantly, with adults experiencing the highest reductions (33%).
Conclusion
Nutritional counseling effectively lowered plasma lipid and lipoprotein levels, reinforcing the benefits of dietary interventions for the treatment of dyslipidemia.
Indexing terms: Age groups. Diet. Dyslipidemias. Gender. Nutritional counseling. 
R E S U M O

Objetivo
Avaliar a resposta do perfil lipídico e das lipoproteínas plasmáticas ao aconselhamento nutricional em indivíduos dislipidêmicos analisando as respostas entre os sexos e as faixas etárias.
Métodos
Participaram do estudo 129 indivíduos dislipidêmicos, 56 homens e 73 mulheres, de 20 a 73 anos, atendidos no Ambulatório de Dislipidemias do Hospital de Clínicas da Universidade Estadual de Campinas. Os critérios de exclusão foram: uso de medicação hipolipemiante no mínimo 30 dias antes da entrevista inicial e/ou durante o acompanhamento. Os participantes foram divididos em grupos segundo sexo e faixa etária (≥60 ou <60 anos). Orientou-se restrição de gorduras saturadas (<7%) e colesterol (<200mg/dia), além das gorduras totais (<20%) para valores de triglicérides >300mg/dL, nos hipercolesterolêmicos. Na hiperlipidemia mista utilizou-se ambas orientações.
Resultados
No sexo masculino, a redução de colesterol total e triglicerides foi de
I N T R O D U C T I O N
Cardiovascular Disease (CVD) is the leading cause of mortality in men and women in the United States 1 and the leading cause of disability and premature death worldwide 2 . In Brazil, it is the main cause of death and the second cause of hospitalization 3 .
In addition to the risk factors for Coronary Heart Disease (CHD), namely age, hypertension, diabetes, smoking, low High Density Lipoproteincholesterol (HDL-c) level (<40mg/dL), and high Low Density Lipoprotein-cholesterol (LDL-c) level (>160mg/dL), being male also increases the risk of CHD 4 .
The strongest dietary determinants of high LDL-c are saturated fat and trans fat intakes, and to a lesser extent, cholesterol intake and excess body weight 5 .
Excessive carbohydrate intake and alcohol can cause or exacerbate hypertriglyceridemia because of high hepatic synthesis of triglycerides, production of Very Low-Density Lipoproteincholesterol (VLDL-c), and reduction of triglyceriderich lipoprotein catabolism 6 .
The IV Brazilian Guidelines on Dyslipidemia and Prevention of Atherosclerosis (Diretriz Brasileira Sobre Dislipidemias e Prevenção da Aterosclerose) 7 and the National Cholesterol Education Program 4 (NCEP) recommend that individuals with high cholesterol levels should limit the saturated fat intake to less than 7% of the total energy intake and cholesterol intake to less than 200mg per day; individuals with high triglyceride levels should limit carbohydrate intake to less than 60% of the total energy intake, avoid simple sugars such as sucrose, limit alcohol intake and reduce total fat intake 6 .
A number of factors, such as age, gender, genetic makeup, baseline serum cholesterol level and habitual diet, alone or in combination, can impact study outcomes and strongly affect study conclusion 8 .
There are a few studies in the literature that assess how gender affects the variation of serum lipid levels in response to dietary inverventions 9 . Some studies show that men experience a greater reduction in LDL-c in response to diet 10, 11 , whereas others did not find any gender-related difference 12 .
The objective of the present study was to evaluate how the plasma lipid and lipoprotein levels of hyperlipidemic patients respond to diet and analyze the response by gender and age (<60 and ≥60 years).
M E T H O D S
The study included 129 individuals, 56 males and 73 females, aged 20 to 73 years treated at the Dyslipidemia Outpatient Clinic of the Universidade Estadual de Campinas (Unicamp) Clinic Hospital. They were referred to the Nutrition Service for follow-up and advice on better lifestyle habits.
The exclusion criteria were the use of lipidlowering medications in the 30 days prior to and during the nutritional counseling. Other medications were allowed.
Blood samples were collected in the morning after an overnight fast of at least 12 hours. The participants were also instructed to abstain from doing physical activities during that period. The biochemical analyses were done by an automated system using enzymatic colorimetric methods, and LDL-c was estimated by Friedewald's 13 equation when Triglycerides (TG) level was <400mg/dL. All biochemical analyses were done at the biochemistry division of the Clinic Hospital. Non HDL-c (NHDL-c) was given by the formula: C-HDL-c 4 .
The cutoffs for the diagnosis of dyslipidemias were those provided by the IV Brazilian Guidelines on Dyslipidemia and Prevention of Atherosclerosis 7 , which are: isolated hypercholesterolemia (C>200mg/dL and TG<150mg/dL); isolated hypertriglyceridemia (C<200mg/dL and TG> 150mg/dL); mixed hyperlipidemia (C>200mg/dL and TG>150mg/dL); and hypoalphalipoproteinemia (HDL-c<40mg/dL) found in the 3 types of dyslipidemias.
The risk factors for Coronary Artery Disease (CAD), in addition to high LDL-c, were hypertension (blood pressure ≥140:90mmHg), diabetes (fasting blood glucose ≥126mg/dL), smoking daily regardless of amount, early-onset atherosclerosis in first-degree male relatives <55 years and first-degree female relatives <65 years, and ages ≥45 in men and ≥55 in women 4 .
Body Mass Index (BMI) was used for determining the nutritional status of the participants and Waist Circumference (WC) for identifying their risk of metabolic syndrome 14, 15 . The participants were grouped by gender (56 men and 73 women) and age (106 adults aged <60 years and 23 elderly aged ≥60 years). The nutritional follow-up by gender lasted: 3 months (10 men and 14 women), 6 months (29 men and 33 women), 12 months (17 men and 26 women);
and by age group, 3 months (19 adults and 5 elderly), 6 months (52 adults and 10 elderly) and 12 months (35 adults and 8 elderly).
Habitual diet was determined by a 24 hour recall and by collecting information about foods and preparations consumed regularly 16, 17 . Energy (kcal), macronutrient (%), cholesterol (mg/day), saturated fat (%), monounsaturated fat (%) and polyunsaturated fat (%) intakes were estimated by the Nutrition Support Program of the Universidade Federal de São Paulo 18 .
Dietary counseling was provided after quantitative and qualitative dietary assessment, which consisted of adjusting the intakes of energy, total fat, especially saturated fat (≤7% of total calories), cholesterol (≤200mg/day), fiber and other nutrients according to the type of dyslipidemia and presence of other diseases. The participants were also instructed about the selection, preparation and recommended amounts of food substitutes.
Individuals with high triglyceride levels were advised to limit the intake of simple carbohydrates and alcoholic beverages. If TG>300mg/dL, they were also asked to reduce total fat intake (<20% of total calories). Individuals with mixed hyperlipidemia were instructed to follow both recommendations 7 .
Dietary recommendations were personalized according to the participant's needs. Overweight participants (80% of the total) were given a low-energy diet and instructed to gradually decrease energy intake 19 .
A follow-up interview was done to assess adherence to nutritional counseling. The participants were asked about their adherence to the prescribed diet, difficulties and doubts. Serum lipid and lipoprotein levels, weight and BMI were also measured, comparing the new results with the baseline results.
Diet adequacy was determined by biochemical tests, anthropometric parameters and adherence to nutritional counseling, emphasizing the importance of following the diet plan.
Information about the participants' progress was recorded in their medical records in the institution's database.
There were at least 2 and at most 3 clinical and nutritional follow-ups. The first follow-up occurred from 30 to 90 days after the nutritional intervention. The frequency of and interval between the other follow-up visits depended on the participants' response to nutritional counseling and severity of dyslipidemia. 
Statistical Analysis
The statistical analyses were done by the software Statistical Analysis System (SAS) for Windows, version 6.12 and included the Wilcoxon, Chi-square, Mann-Whitney and Fischer's exact tests, and Analysis of Covariance (Ancova). The significance level was set at 5%, with borderline values of p>5 and <10%. Table 1 shows the clinical, anthropometric, and lipid and lipoprotein profiles of the participants.
R E S U L T S
Women's mean age was higher than that of men. On the other hand, men and adults were heavier, and men had higher waist circumferences. The baseline lipid and lipoprotein levels of the participants were very high. Hypertension was more common in women and in the elderly. Men and adults had higher energy intakes, and women had higher saturated fat intake. The participants also presented high protein, fat and cholesterol intakes ( Table 2) .
After nutritional counseling, participants' C, TG, LDL-C and non-HDL-C decreased by 14%, 30%, 5% and 17%, respectively (Figure 1 ).
When the results were analyzed according to type of dyslipidemia, the TG levels of individuals with isolated hypertriglyceridemia decreased significantly, by 45% (p=0.04).
The decrease in lipid and lipoprotein levels in response to the diet, according to gender, was: 16% for C (p<0.001), 36% for TG (p<0.001) and 21% for non-HDL-c (p<0.001) for men and 12% for C (p<0.001), 26% for TG (p<0.001), 12% LDLc (p<0.001) and 14% for NHDL-c (p<0.001) for women. The decrease in the TG levels of men and women differed significantly.
Men and women with hypercholesterolemia presented similar decreases in C and LDL-C in response to diet (15% and 20%, respectively) ( Figure 2A) .
In response to diet, the males in the mixed hyperlipidemia group saw reductions of 18% in C, 23% in NHDL-C and 44% in TG and an increase of 7% in HDL-C; females saw reductions of 13% in C, 14% in non-HDL-C, 29% in TG and 3% in HDL-C, in addition to a 15% reduction in LDL-C. The TG, LDL-C and HDL-C of this group also improved significantly in response to diet ( Figure  2C ).
Between the age groups, diet reduced the C, TG and NHDL-C levels of adults by 14%, 33% and 17%, respectively, and reduced the C of the elderly by 14%. In this group, only TG differed in response to diet (Figure 3 ).
Although most participants lost weight (4%), the amount of weight lost was not statistically significant.
D I S C U S S I O N
The present study assessed how the serum lipid and lipoprotein levels of dyslipidemic individuals respond to nutritional counseling by gender and age.
The study participants presented high plasma lipid and lipoprotein levels, and some also presented other risk factors for CHD, such as diabetes (11%) and hypertension (39%), which were more prevalent in women (52%) and in the elderly (69%).
High protein intake associated with high saturated fat and cholesterol intakes suggest that diet may contribute to the development of dyslipidemia 20, 21 . The 24 hour recall 16 used in this study to assess habitual food intake, especially foods and preparations associated with dyslipidemias, was relevant for the nutritional intervention. According to Willett 17 , the semi-quantitative food frequency questionnaire is the main dietary assessment method used in epidemiological studies of disease.
The presence of overweight and obese participants shows the association already described in the literature between excess weight and changes in plasma lipid levels and risk of coronary artery disease 22 .
Visceral obesity was more prevalent in men, indicating their higher risk of developing the metabolic syndrome 23 . The nutritional status of participants according to BMI was: 15% normal weight, 52% overweight, 24% obesity class I, 6% obesity class II, and 3% obesity class III. Comparison of the baseline BMI with the BMI at last visit showed a substantial improvement in nutritional profile: normal-weight individuals increased from 15% to 25%, obesity class I decreased from 24% to 17%, obesity class II decreased from 6% to 5% and obesity class III decreased from 3% to 1%. After diet However, the percentage of change in body weight was not statistically significant.
Interestingly, the TG levels of men and adults responded better to diet than those of women and the elderly.
The different TG responses of men and women, adults and the elderly found in this study suggest that the participants who had high baseline TG levels responded better to the low fat diet (<20%). Similar results were found by Jacobs et al. 24 .
Moreover, the greatest reductions in LDL-c levels were seen in women with mixed hyperlipidemia, suggesting that women might be more sensitive to dietary saturated fat, responding better to LDL-c restriction 25 .
The reductions in C and LDL-c levels achieved by men and women with isolated hypercholesterolemia as a response to diet were similar.
Some studies with individuals with moderate hypercholesterolemia shows that the reduction of LDL-c in response to diet is higher in men than in women [10] [11] , whereas other studies show that the reductions in total cholesterol and apolipoprotein B also are higher in men 26, 27 . Corroborating this study, some authors found that the reductions in C and LDL-c in response to diet do not differ between genders 8, 12, 25, 28 .
The TG levels of males with mixed hyperlipidemia responded better to diet than those of women. On the other hand, women saw greater reduction in LDL-c. Furthermore, the HDL-c of men in response to diet increased significantly, while that of women decreased.
The decrease in the HDL-c of women in response to diet was also reported by Walden et al. [25] [26] [27] [28] [29] and Yu-Poth et al. 30 .
Changes in lipid and lipoprotein levels were mostly significant, even after adjustment for changes in body weight, highlighting the effectiveness of the dietary intervention used in this study.
The present study has also shown the importance of dietary counseling for patients treated at the outpatient clinic of the university hospital, which achieved a cholesterol reduction of 12% to 16%, TG reduction of 30% to 45% and LDL-c reduction of 15% to 20%. These responses were greater than the biological variation coefficients for each study parameter (C=6%, TG=23%, LDL-c=9.5%) 31 .
Nutritional counseling proved to be more effective for males and adults, suggesting that new nutritional approach strategies are needed for females and the elderly, including number of follow-up visits, frequency and interval between visits.
Although 30% of the participants needed to start lipid-lowering drugs, the reductions in lipid levels decreased the number of participants who needed lipid-lowering drugs and the dosages these participants required, resulting in lower health expenses. Therefore, this study reinforces that dietary changes are effective and feasible for the public health system. Since cardiovascular disease is the leading cause of hospitalization and death, this positive therapeutic procedure should be implemented by other health services in Brazil because it is inexpensive [32] [33] [34] and may help to reduce expenses, and prevent and control CHD. 
